We present a 9-channel wavelength-tunable single-mode laser array based on slots. Stable single-mode operation is observed with output-power >35mW and side-mode-suppressionratio >50dB. A quasi-continuous tuning range >27nm is obtained over 35˚C (from 10˚C to 45˚C).
Introduction
Wavelength tunable lasers have wide applications in the future dense wavelength division multiplexed (DWDM) optical communication systems and sensing technology [1] . Recently, tunable DFB laser arrays (TLAs) have reported a narrow linewidth of 160kHz, which makes it very suitable for applications in coherent optical communications [2] . However, fabricating a DFB laser array generally requires complex regrowth and Recently, our group demonstrated a single mode laser structure which was made completely dependent on a group of slots in one side of laser cavity [3] . Such a laser platform is regrowth free and can be fabricated by standard photolithography. To remove the yield problem caused by the position uncertainty of one cleaved facet, a two-section contacts laser structure has been further presented [4] . In this work we present a wavelength-tunable single mode laser array with the channel spacing of 400GHz based on this laser platform. (a) (b) Fig. 1 (a) 3D schematic structure of the wavelength tunable single mode laser array based on slots (b) Measured output spectra of the fabricated laser array with a driving current of 130mA for all the 9 channels at 20˚C under CW condition with the SOA unbiased. Fig.1 (a) shows the schematic structure of the designed tunable single mode laser array based on slots. Each laser has a typical 2.0 μm-wide surface ridge waveguide which is electrically divided into three sections isolated naturally by the slots: the front curved output SOA section; the middle section includes a group of slots; the back section consists of straight waveguide section. To further improve the laser performance, an antireflection (AR) coating and high reflection (HR) coating are applied on the front and back facets of the integrated device. The slot parameters such as slot width, depth, and number have been optimized in the design using the 2D scattering matrix method. For ease of fabrication, the slot width is set to be around 1.1 μm wide, which makes the laser compatible with standard photolithography. For the trade-off between maximizing the reflectivity and minimizing the bandwidth of the reflection peaks while also ensuring that the laser cavity length is kept to a minimum, the slot number is optimized to be 24. This also ensures that the reflection spectrum has a narrow bandwidth of about 2.5 nm which helps to achieve a good single mode operation with minimum threshold. The optimized slot period was around 9μm, which was adjusted according to the designed channel wavelengths with a channel spacing of 400GHz (3.2nm) in C-band. The designed laser array based on slots was fabricated using the same process as in [3] . The total length of the fabricated device is about 590 m which includes the 400 m long laser section and the 190 m long curved front SOA.
Device structure and characteristics
The fabricated device was tested at 20˚C under CW conditions with the SOA section left floating. A threshold current (I th ) range of about 19~21 mA was measured for all the channels within the laser array. Fig. 1 (b) shows the measured output spectra for all the 9 lasers with the whole current injection of the laser of around 130mA. For all the channels, stable single mode performance is observed with side-mode suppression-ratio (SMSR) more than 51dB. For some lasers, to get a high side mode suppression ratio (SMSR), the two sections of the laser have been biased slightly differently to allow the longitudinal mode align with the reflection peak. The output power of the laser array was recorded by varying the SOA current, which shows the output power was higher than 35mW at SOA current injection of 60mA for all the 9 channels. The wavelength tuning was also recorded by changing the chip temperature. Fig. 2 (a) shows the measured channel wavelength tuning versus the chip temperature from 10˚C to 45˚C. A wavelength quasi-continuous tuning range of more than 27 nm was obtained over the 35˚C temperature range. The measured SMSR of the laser array was plotted in Fig. 2 (b) as a function of the lasing wavelength during the temperature tuning, which shows the SMSR was more than 35dB over the whole tuning range.
Conclusion
In summary, a 9 channel wavelength tunable single mode laser array based on slots is presented. The fabricated laser array exhibits a stable single mode performance with a side mode suppression ratio of more than 50 dB and output power > 35 mW for all the 9 channels at 20˚C under CW conditions. A quasi-continuous wavelength tuning range of about 27 nm with a side mode suppression ratio >35 dB was achieved for the fabricated laser array over a temperature range from 10˚C to 45˚C. The presented tunable laser structure just needs a single wafer growth, can be fabricated by standard photolithography and also removes any yield problems associated with the cleaving of the laser facets. Therefore it has strong potential as a robust tunable laser platform for coherent communications and sensing applications.
